Considering the association between the neighborhood food environment and individual eating behaviors, this study aimed to assess the association between parents' reported use of food facilities by their children, and parental perceived travel time to food facilities, with their children's dietary patterns. Parents reported the use of supermarkets, full-service and fast-food restaurants, and perceived travel time to these food retailers. To assess school children's food consumption, a previous day dietary recall was applied. Factor analysis was conducted to identify dietary patterns. To test the association between reported use and perceived travel time to food retailers and school children's dietary patterns, we performed multilevel linear regression analyses. Parents' reported use of supermarkets was associated with children's higher score in the "Morning/Evening Meal" pattern. The use of full-service and fast-food restaurants was associated with children's higher score in the "Fast Food" pattern. Higher parental perceived travel time to full-service and fast-food restaurants was associated with children's lower score in the "Fast Food" pattern. Although the use of full-service and fast-food restaurants was associated with a less healthy dietary pattern, the perception of living further away from these food retailers may pose a barrier for the use of these facilities.
Introduction
There is a growing amount of evidence for an association between the neighborhood food environment and individual eating behaviors [1, 2] . Considering that food choices are not only determined by individual behaviors, but are also influenced by social and physical environments [3] , policies and interventions aimed at improving dietary patterns should take into account the environment in which people live, make food choices, and consume foods [4] .
Exposure to the food environment comprises access to many different types of food retailers. The literature shows that supermarkets are an important source of food for many families [5] and living closer to a supermarket is associated with its use [6] and children's food choices [7] . Higher access to supermarkets is associated with lower consumption of fast food among adults [8] and with improved consumption of fruits and vegetables among children [9] . However, supermarkets are also associated with less desirable food choices such as increased consumption of processed products at the expense of minimally processed foods [10] .
Furthermore, a higher proximity from a school or residence to fast-food restaurants is associated with unhealthier diets among students, including lower consumption of fruits and vegetables [11] , higher portions of soda [11, 12] , and higher consumption of fatty foods [12] . Full-service restaurants are also an important component of the food environment that are very often neglected by food environment research [13] . From international literature, a link was observed in the exposure to full-service restaurants and a higher consumption of sugar-sweetened beverages [14] , a lower consumption of fruits and vegetables [12, 15] , and higher calorie intake [16] . From a Brazilian perspective, buffet restaurants serving lunch might be a resource for maintaining a healthy diet outside the home, as these food retailers provide opportunities for a higher adherence to traditional Brazilian cuisine based on rice, beans, fresh meat, roots, and vegetables [17] .
Exposure to food retailers can be assessed using different measures, tools, and methodological procedures, including metrics based on geographic information systems [1] , which can be used, for instance, to objectively quantify the availability of food retailers in a neighborhood [1, 18] . Another method to quantify exposure is the reported individual perceptions of his/her food environment [19] . While the use of objective measures is an important way to evaluate exposure to the food environment, residents' perceptions on the availability of food retailers may differ from what is objectively available [20] . The assumption that what is available (i.e., food retailers) is also used by individuals might not always be true, especially in urban areas featuring many available options to obtain food; therefore, a current gap in food environment research is the predominant lack of information on the use of facilities by the participants [21] . The perception of residents on the presence and distance to food retailers was indicated as an important methodological alternative to understand the influence of the environment on food behavior [22] .
The aim of this study was to test the associations between parental reports of their children's use of food retailers and parental perceived travel time to food retailers with school children's dietary patterns. We also aimed to examine effect modification by income levels.
Methods

Study Design, Sampling and Data Collection
This cross-sectional study is part of a wider research project funded by the Brazilian National Council for Scientific and Technological Development (CNPq) . The project aimed to analyze the tendency and prevalence of obesity and its associated factors among primary and secondary school children from seven to 14 years old from Florianópolis, southern Brazil.
Details on the sampling and design of the project were reported by previous studies [23, 24] . In summary, a clustered sampling process was performed where the schools were divided into strata according to the administrative regions of the municipality of Florianópolis (central, north, east, and south island and mainland), and the type of school (public or private). In total, 30 schools (19 public and 11 private) were randomly selected from the strata.
Data were collected from September 2012 to June 2013 by trained researchers. Anthropometric measurements of school children (weight and height) were collected according to a protocol defined by the World Health Organization (WHO) [25] , which uses reference curves based on the recommendations of Lohman, Roche, and Martorell (1988) [26] . A questionnaire with information on sociodemographic characteristics and a food acquisition profile was completed by the parents or guardians of the students.
The research protocol was approved by the Ethics Committee of the Federal University of Santa Catarina (UFSC) (ethical code: 120341/2012), in accordance with the standards established by the Resolution No. 466/2012 of the Brazilian National Health Council. The study was conducted in accordance with the Declaration of Helsinki, and only school children whose parents or guardians signed the informed consent term participated in the study.
Measures
Parents' Reports of Children's Usage of Food Retailers and Perceived Distance to Food Retailers
We asked parents how often (never, weekly, twice a month, monthly, or rarely), in the past six months, their children used restaurants and fast-food restaurants. Fast-food restaurants may refer to both commonly known fast-food chains that sell burger-based meals and also to small local-owned food retailers that sell traditional baked and deep-fried snacks. Parents were also asked whether or not they buy foods to cook at home in the supermarket. Parents answered how far (minutes of walking distance) restaurants, fast-food restaurants, and supermarkets were located from their home. Response options in minutes were "one to five"; "six to 10"; "11 to 15"; "16 to 20", or "more than 20 min".
Based on the data distribution, we categorized the reported frequency of use of restaurants and fast-food restaurants in the past six months into two categories ("did not use" or "used"). The use of supermarkets was originally asked in two categories ("did not use" or "used"). Parents' perceived travel time was also categorized into three categories: less than 10 min, 10 to 20 min, and more than 20 min of walking distance from their home.
Dietary Patterns
Food consumption information was collected using a qualitative food frequency questionnaire named QUADA (Portuguese acronym for "previous day food questionnaire"), an instrument developed and validated by Assis et al. [27] , designed to assess the previous day food consumption of school children. QUADA presented higher kappa values for foods such as rice (k = 0.92), beans (k = 0.78), pasta (k = 0.81), vegetable soup (k = 0.82), and fruit (k = 0.78), and lower values for foods such as sweets (k = 0.38) and sweetened beverages (k = 0.47). QUADA is composed of 21 commonly consumed foods, with the same 21 foods presented chronologically over six meals (breakfast, morning snack, lunch, afternoon snack, dinner, and evening snack) [27] . The children completed the questionnaires at school. Guided by a trained researcher assistant, the children were asked to indicate which of the 21 available foods they had eaten during each meal on the previous day.
We derived dietary patterns performing factor analysis via the principal component method. The sum of all foods consumed by the children in the previous day were entered into the factor analysis which was performed using a polychoric correlation matrix-the most suitable for our food consumption data [28] . The obtained factors were then transformed by orthogonal rotation varimax. To test whether our dietary data were suitable for factor analysis, we used the Bartlett's sphericity and Kayser-Meyer-Olkin (KMO) tests [29] . The criteria we used to retain the factors were an eigenvalue greater than 1, the scree plot charts, and the interpretability of the factors. Food groups were retained in the corresponding factor if they had a factor loading greater than or equal to ±0.3.
Covariates
Sociodemographic characteristics were obtained from a questionnaire answered by the parents including information on children's sex (male or female), age (continuous), type of school (public or private), mother's self-reported weight and height (used to calculate mother's body mass index (BMI; continuous)), mother's education, and household income. Response options for mother's education were no formal education, incomplete secondary education, complete secondary education (equivalent to nine years of education), incomplete high school, complete high school (equivalent to 12 years of education), incomplete higher education, and complete higher education (university degree or higher). The variable maternal education was categorized into "complete secondary education", "complete high school", and "complete higher education". Household income was continuously assessed via a questionnaire referring to the sum of the monthly net income of all household residents with a paid job. We split the continuous variable of income into tertiles to test effect modification by income levels. School children's nutritional status was determined in terms of anthropometric measures; weight and height of school children were objectively measured and used to calculate the BMI. The school children's BMI was then classified into "normal weight" and "overweight" following the WHO age and sex-standardized cut-offs [30] . The percentage of underweight children was lower than 2%; therefore, these children were incorporated into the normal-weight category.
Statistical Analyses
All the school children with complete food consumption data were kept in the analysis, resulting in an analytical sample of 2484 participants. Assuming that incomplete values were missing at random, we applied multiple imputation to all variables, except the outcome, using the predictive mean-matching method [31] . The percentage of missing values in our dataset ranged from 0.9% on children's BMI to 30.0% on the variable "perceived travel time to fast-food restaurants"; therefore, we imputed 40 datasets as recommended by Rubin [32] and Bodner [33] . For descriptive statistics, non-imputed data were used, and, for the regression models, we used pooled results from the 40 imputed datasets. We also present the regression models using non-imputed data as a sensitivity analysis (Tables S1 and S2 , Supplementary Materials).
To test the association between parental perceived travel time to supermarkets, restaurants, and fast-food restaurants, we built six different models to test the associations between the three "perceived travel time" variables and reported usage of supermarkets, restaurants, and fast-food restaurants with dietary patterns. We tested for clustering at the school and at the grade levels across all models. Firstly, a random intercept for school was added, followed by a random intercept for grade. Using two-log likelihood tests, we found these two levels to be significant and, therefore, performed linear mixed-models analysis with participants (first level) clustered within grade (second level) and school (third level). We created product terms for the variables of use and income levels, as well as for the variable of perceived walking distance and income levels. To test effect modification, we added these product terms to the respective models. All models were a priori adjusted for age, children's nutritional status, mother's BMI and educational attainment, household income, and type of school. Questionnaire data were entered by two independent researchers and processed by Software EpiData ® 3.2 (Epi Info Centers for Disease Control and Prevention, Atlanta, Georgia, United States). Descriptive and multilevel linear regression analyses, as well as multiple imputations, were performed using Stata ® 13.0 (Statistical Software for Professionals, College Station, TX, United States).
Results
Participants characteristics are described in Table 1 . The mean age of school children was 10.4 years old, while the majority were girls (56.5%) and were classified as normal weight (66.8%). Most mothers had up to 12 years of education (46.1%); the mean mothers' BMI was 25.2 kg/m 2 . A large majority of parents reported the use of supermarkets in the past six months (95.7%); restaurants and fast-food restaurants were reported to be used by 65.6% and 64.1% of parents, respectively. Most participants reported to live 10 min or less from a supermarket (40.6%) and from a fast-food restaurant (42.1%), whereas 40.2% reported to live more than 20 min away from a restaurant. The factor loadings for each food item in the corresponding dietary pattern are presented in Table 2 . Five dietary patterns were derived from factor analysis: The first dietary pattern, named "Fast Food", was composed of French fries, soft drinks, pizza, packaged snacks, treats, and pasta, and it explained 12.5% of the data variance. The second dietary pattern, named "Morning/Evening Meal", was composed of cheese, milk, coffee, yogurt, and breads, and it explained 12.3% of data variance. These foods are usually consumed as breakfast or a morning snack, and, in the south of Brazil, a warm meal for dinner is commonly replaced by a meal composed of bread, cheese, milk, and coffee. The third dietary pattern, named "Traditional Brazilian", was composed of rice, beans, meat, and leafy greens, and it explained 10.5% of the data variance. The fourth dietary pattern, named "Healthy/Fresh Foods", was composed of juice, fruits, vegetables, leafy greens, soup, and fish, and it explained 9.9% of the data variance. The fifth dietary pattern, named "Bread and Chocolate Milk", was composed of chocolate milk and bread, and it explained 6.2% of the data variance. The total data variance explained by the five dietary patterns was 51.4%. Table 3 shows the association of parents' reported use of food retailers and dietary patterns. We found that children whose parents reported using supermarkets had 0.19 higher score (95% confidence intervals (CIs): 0.00, 0.38) in the "Morning/Evening Meal" pattern. Children whose parents reported using a restaurant had 0.09 higher score (95% CIs: 0.01, 0.18) in the "Fast Food" pattern. Children whose parents reported using fast-food restaurants had 0.13 higher score in the "Fast Food" pattern (95% CIs: 0.05, 0.20), 0.08 higher score (95% CIs: 0.00, 0.16) in the "Bread and Chocolate Milk" pattern, and 0.09 lower score (95% CIs: −0.17, −0.02) in the "Morning/Evening Meal" pattern. Table 4 shows the association of parents' perceived travel time to the supermarket, full-service restaurants, and fast-food restaurants with dietary patterns. School children whose parents reported living more than 20 min away from a restaurant had 0.12 lower score (95% CIs: −0.21, −0.02) in the "Fast Food" pattern. School children whose parents reported living more than 20 min away from fast-food restaurants had 0.18 lower score (95% CIs: −0.27, −0.08) in the "Fast Food" pattern. No association was found for parents' perceived travel time to supermarkets and dietary patterns. Parents' perceived travel time to any of the food retailers analyzed was not associated with the other four dietary patterns. We did not find any effect modification effects by income levels. Tables S1 and S2 (Supplementary Materials) show results from the sensitivity analysis where we performed the linear regression analyses using non-imputed data. In general, the results from sensitivity analyses were very similar to the main analyses where we used imputed data, with the exception of the association of use of fast-food restaurants and the "Morning/Evening Meal" pattern, which was significant in the main analysis β −0.09 (−0.17, −0.02) and became non-significant in the sensitivity analysis β −0.08 (−0.16, 0.00). All other significant associations found in the main analysis were also found with the non-imputed dataset. Other few associations that were not significant in the main analysis became significant with non-imputed data, for instance, the positive association between the use of supermarkets and the "Healthy/Fresh Foods" pattern. However, due to the higher chance of bias present in the complete case analysis (sensitivity analysis), we only interpret results from the analysis using imputed datasets.
Discussion
We explored the associations between parents' reported use of food retailers by school children and parents' perceived travel time to food retailers with school children's dietary patterns. We found an association between the use of supermarkets and a higher score in the "Morning/Evening Meal" pattern. The use of full-service restaurants and fast-food restaurants was associated with a higher score in the "Fast Food" pattern. Higher perceived travel time to full-service restaurants and fast-food restaurants was associated with a lower score in the "Fast Food" pattern. We found no association between the use of food retailers and the "Traditional Brazilian" or the "Healthy/Fresh" foods pattern. No association was found either for perceived travel time to food retailers and the "Morning/Evening Meal", the "Traditional Brazilian", the "Healthy/Fresh Foods", or the "Bread and Chocolate Milk" patterns. No effect modification was found by income levels.
The fact that no association was found for the use of and perceived distance to food retailers and the "Traditional Brazilian" and the "Healthy/Fresh Foods" patterns is surprising, as we expected, for instance, that the use of and greater perceived distance to fast-food restaurants would be inversely associated with both "Traditional Brazilian" and the "Healthy/Fresh Foods" patterns. The hypothesis would be that traditional meals and fresh foods would more likely be consumed at home, meaning fewer visits to fast food restaurants. As shown by previous Brazilian studies, eating out of home is associated with the consumption of unhealthy foods (e.g., soft drinks, salty snacks, pizza, and sweets) [34, 35] , while a higher frequency of meals prepared at home is associated with lower calorie intake from foods rich in solid fat and sugar [36] . Yet, it could also be that the lack of variation for the use of supermarkets (96% reported using it) might have undermined our ability to detect any significant associations, which would mean that, even if an association was present, we would not be able to detect it.
The use of full-service restaurants and fast-food restaurants, which is linked to the consumption of foods away from home, was associated with the dietary pattern composed of less healthy foods. Powel and Nguyen investigated the association of eating in full-service restaurants and fast-food restaurants and increased energy intake [37] . They found that eating in full-service restaurants was associated with higher daily energy intake and higher intake of sugar-sweetened beverages among American children and adolescents (2-19 years old). A Brazilian study conducted by Andrade et al. [17] identified three dietary patterns for out-of-home food consumption: traditional meal, typical Brazilian breakfast/tea, and ultra-processed food. The authors found that children and adolescents aged 10-19 years had higher adhesion to the ultra-processed food pattern than older individuals [17] . This may indicate that, even when eating in restaurants that offer healthy options for lunch and dinner, such as the commonly found buffet-by-weight restaurants in Brazil, children and adolescents would choose less healthy options. Indeed, taste preferences for energy-dense foods could influence the selection of less healthy foods in restaurants offering this type of food [38] .
The association between use of fast-food restaurants and the first dietary pattern was expected, as fast-food consumption is largely related to unhealthy dietary patterns. Fast-food consumption is associated with a lower overall diet quality in American children aged 2-18 years old; children characterized as high consumers of fast food presented a higher intake of sugar-sweetened beverages and French fries, and a lower consumption of fruits and vegetables when compared with children characterized as low consumers [39] . A positive association between sugar-sweetened beverage consumption and the use of fast-food restaurants was also identified in Chinese adolescents [40] . We previously observed a positive association between the use of fast-food restaurants and the consumption of ultra-processed foods with the same characteristics of food groups found in the "Fast Food" pattern [24] .
Despite the positive association of the use of full-service restaurants and fast-food restaurants and a higher score in the "Fast Food" pattern, the perception of living further away from these outlets seems to have a protective effect on children's diet; higher perceived travel time to full-service restaurants and fast-food restaurants was negatively associated with the "Fast Food" pattern. Although the effect sizes found in our study are rather small, considering all individual and environmental factors that influence school children's dietary behavior, we consider those to be relevant effect sizes. Similar to our findings, Cutumisu et al. [41] found a positive association between the exposure to fast-food restaurants around schools and unhealthier food consumption at lunchtime, suggesting that the environment that school children are exposed to has an influence in their diet. The relationship between distance from fast-food restaurants and diet was also found in a study from the United States (US). In this study, children (four to 14 years) who lived closer to fast-food restaurants were less likely to consume fruits and vegetables [42] .
Some studies explored the perceived availability of fast-food restaurants and found a positive association with a higher consumption of unhealthy foods among children and adolescents [12, 43] . The majority of studies on food environment research used objectively measured metrics; however, literature using this methodology is inconsistent [44] . It may be that perceived access measures could produce more consistent results [3] . In addition, individual perception of the food environment is also likely to influence behavior, and it may reflect how people experience and interact with their neighborhoods. Thus, measures of perceived access to the food environment might be an important tool for food environment research and should also be taken into account when trying to understand the relationship between food environment and eating behaviors [45] .
Our results are subject to some limitations, such as the fact that QUADA assesses the frequency of intake rather than quantity. Regarding the use of food retailers, when asking parents how often their children use restaurants and fast-food restaurants, we did not ask if the children were accompanied by the parents or not. This could lead to a mistaken report, especially from parents of older children. However, we assume that parents would know when their children visited restaurants, even when the parents were not present. The social desirability bias could be considered, especially among the older children, which could feel discouraged to report the consumption of less healthy foods in the presence of their peers and researchers. A common limitation with the use of food questionnaires is memory bias. Nonetheless, QUADA was developed to minimize difficulties related to children's assessment of portion size and to avoid lack of memory, since it accesses foods consumed in the previous day. In addition, during the administration of the questionnaire, researchers ensured that the students were situated in time and space while presenting the foods in the QUADA chart in a chronologic order. Although dietary intake from one day only may not be representative of the habitual individual intake, it is an advantage of our study that it included the coverage of different weekdays, including weekdays and Sundays [27] . We were also able to obtain a large sample size. This study is innovative for evaluating the information of both perceived travel time and the use of facilities, which is lacking in the current food environment research.
Conclusions
Our results indicate that, although the use of restaurants and fast-food restaurants may be associated with the "Fast Food" pattern, the perception of living further away from these food retailers might have a positive influence on school children's diet. These findings highlight the importance of evaluating the perceived food environment and the use of food retailers, which can provide a complementary understanding of the relationship between the food environment and diet.
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